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Calculating visual openness and visibility to natural 
landscapes in a changing urban landscape in Gold Coast, 
Australia 
Ata Tara, Dr Gill Lawson 
 
Abstract:  
The visual characteristics of urban environments have been changing dramatically with the growth of 
cities around the world. Protection and enhancement of landscape character in urban environments have 
been one of the challenges for policy makers in addressing sustainable urban growth. Visual openness and 
enclosure in urban environments are important attributes in perception of visual space which affect the 
human interaction with physical space and can be modified by new developments. Measuring visual 
openness in urban areas and calculation of different levels of visibility to natural landscape elements 
results in more accurate, reliable and systematic approach to manage and control visual qualities in 
growing cities. Current techniques in geographic information system (GIS) and survey systems make it 
feasible to measure and quantify these attributes with high degree of realism and precession. Previous 
studies in this field do not take full advantage of these improvements. This paper proposes a method to 
measure the visual openness and enclosure in a changing urban landscape in Australia, Gold Coast by 
using recent techniques in Geographic Information Systems (GIS). By this method visual openness is 
calculated and described for all publicly accessible areas in selected study area. A final map is produced 
which shows the areas with highest visual openness and visibility to natural landscape resources. The 
output of the research can be used by planners and decision makers in managing and controlling views in 
complex urban landscapes. Depending on availability of GIS data, this method can be applied to any 
region including urban and non-urban landscapes to help planners and policy makers in management of 
views and visual qualities. 
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Rapid urbanisation and development pressures due to urban growth challenge the valued visual character 
and resources which support sustainable urban development. The visual landscape character of urban 
areas affects human aesthetic perception, feelings and emotions health and well-being (Hartig, 1993). 
There is a growing concern for managing visual qualities of urban landscapes in many countries between 
wide ranges of professionals in architecture, landscape architecture, urban design and planning fields. 
Protecting and enhancing the landscape character of urban environments is one of the principles and 
objectives of sustainable development in cities. The recent London View Management Framework 
planning policy (Greater London Authority, 2012) shows concerns of municipalities to protect and 
manage views and view corridors in growing and changing cities with valuable visual resources and 
landmarks.  
Literature in urban design and visual assessment fields since 1950s to the present day in the United 
Kingdom, United States, Australia and other European countries have identified numerous perceptual 
attributes in urban environments (Alexander et al., 1977, Cullen, 1961, Lynch, 1960, Kaplan and Kaplan, 
1989, Nasar, 1998, Stamps, 2010, Sanoff, 1991). Some of these perceptual attributes are closely 
associated with objective physical features and vary relatively little from person to person (Ewing and 
Handy, 2009). Between these attributes, visual openness and enclosure are considered as key attributes in 
shaping landscape character and strong factor in landscape preference (Tveit, 2009, Appleton, 1996, Clay 
and Smidt, 2004). The visual connection between urban areas and surrounding landscapes is also 
considered as an important contributor to the quality of human experience in planned and designed urban 
settlements (Weitkamp et al., 2011). It is an important attribute that contributes strongly to an overall 
sense of place that is worth of protection and enhancement.  It has become one of the major concerns of 
landscape planners and policy makers to protect and improve urban landscape character by maximising 
views to natural elements and controlling visual impacts of future developments.  
The urban landscape is the most complex of all landscapes due to the multiple interactions between its 
built components, natural landscapes and dynamic social and cultural values of the society (Tsouchlaraki 
and Achilleos, 2004). As people move through urban areas, the whole city becomes a plastic experience 
and a journey through pressures and vacuums, a sequence of exposures and enclosures (Cullen, 1961). 
Complex combination of built forms, structures and other visual barriers in the urban environment 
reduces the visual openness and visibility to natural landscape elements.  Visual openness and enclosure 
are associated with physical orientation and scale of built and natural features which can be modelled and 
quantified with recent advance in geographic information systems (GIS).  
Recent quantitative GIS-based approaches in managing regional landscapes and scenic amenity 
developed in Australia (Queensland Goverment, 2007) highlight the movement toward more measurable 
and quantitative methods to assess and analyse landscapes by authorities which can be replicated similarly 
by different people in different regions. This gives visual openness explicit importance to be measured 
and mapped for urban landscapes to manage views and visual openness in urban areas.  Current GIS 
improvements and survey technologies make it possible to quantify visual openness and visibility to 
natural visual resources with higher precession than previously.   
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The main objective of this paper is to develop a transparent and measurable method to quantify visual 
openness and visibility to natural landscape by using recent improvement in GIS. In this method, several 
dataset are used to calculate, manipulate and analyse variables in order to identify different levels of 
visual openness and visibility within study area. The remainder of the paper will provide background on 
visual openness concept and explains previous methods to calculate it. The applied analytical method in 
GIS will be described in several steps. Finally the potential use of this method in planning process is also 
demonstrated. 
Background: 
Visual openness is defined as the amount of visible space perceivable to the viewer (Kaplan and Kaplan, 
1989). Visual openness is a feature of visual environments which is vulnerable to change especially in 
urban environments.  Measuring the area of visible space originates from the concept of isovist developed 
by (Tandy, 1967). Isovist or the viewshed concept was developed further by Benedikt, who defined it as 
the set of all points visible from a viewpoint (Benedikt, 1979). Viewshed can be measured using virtual 
models developed using Computer Aided-Design (CAD) or Geographic Information Systems (GIS) based 
programs.  
Researchers have developed different methods to calculate visual openness in different types of landscape 
(Shach-Pinsly et al., 2011, Weitkamp et al., 2011, Tveit, 2009, Shafer Jr and Brush, 1977, Coeterier, 
1994, Ribe et al., 2002).  Shafer Jr and Brush (1977), Coeterier (1994), Ribe (2002) and Tveit (2009) 
calculated still image content in different distance zones: foreground, middle ground and background.  
Shach-Pinsly et al. (2011) analysed visual exposure and openness at a finer grain in high density urban 
areas from high-rise buildings and street levels in two and three dimensions. Weitkamp et al. (2011) 
measured visual openness as perceived along a scenic driveway through natural and rural landscapes by 
using a virtual model including landform and built forms to calculate visual openness from multiple 
viewpoints. However the virtual model lacks the detailed landscape elements and actual height values 
(Weitkamp et al., 2011). Perception of visual openness in urban environments is relied on considering 
complex juxtaposition of natural and built elements in a broad spatial scale. The computational methods 
in 3D models are more accurate and reliable than 2D spatial maps (Guney et al., 2012).  
Advances in survey technologies provide exclusive opportunity to investigate and measure visual 
openness. Light Detection and Ranging (LiDAR) technology offers high resolution capture of surface 
elevations (Priestnall et al., 2000, Lloyd and Atkinson, 2002). Airborne and terrestrial LiDAR sensors are 
used for scanning the earth surface. The resulting data is stored in files called point clouds which are a 
collection of 3D data that represents ground, vegetation, building models, water, and other natural and 
man-made objects. Point clouds are used to create digital surface models (DSMs) by interpolation 
techniques. DSMs and their derivatives have been used in many earth science fields (Stal et al., 2012).  
Our visual space is defined and limited by both natural and built elements. Therefore a DSM including 
landform, built forms and vegetation with a high degree of realism can be useful to analyse and quantify 
visual openness and enclosure accurately. This provides high degree of realism and precise model to 
calculate visual openness. 
Measuring and quantifying visual openness and visibility with respect to natural landscapes is essential to 
inform policy makers and planners to protect existing visual environment and enhance the landscape 
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character in urban areas. Current sophisticated tools in modelling and measurement techniques make it 
possible to analyse and measure visual openness with high degree of realism in broad scale urban areas. 
Previous studies in this field do not take full advantage of these improvements. This paper introduces a 
method to measure and illustrate visual openness and visibility to natural landscapes with high degree of 
realism and precession. This method can be applied to any landscape and urban environment depending 
on availability of LiDAR information. 
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Methods: 
Design of the mapping procedure in this study was based on areas of landscape perception, visual impact 
assessment methods, landscape guidelines and planning policies. In addition, in Queensland, Australia 
previous landscape evaluation guidelines in South East Queensland and mapping procedures for visual 
exposure were reviewed and tested. Measuring visual openness was based on the calculation of field of 
view or "viewshed" from a viewpoint. In this paper in order to achieve greater precession in the 
quantification of visible space, this concept was changed to visible surface. The area of visible surface 
from a single viewpoint was a portion of the DSM which was visible from that viewpoint and was 
calculated using spatial models in GIS. Most of GIS software packages offer viewshed analysis in a 
several parameters which may include viewer height, opacity of intervening objects or landuses (Ervin 
and Steinitz, 2003). The most common result is a binary raster map showing visibility (1=visible, 0=not 
visible). Figure 1 shows calculated area of visible surface from viewpoint A, based on sample DSM 
(63,714 square meters). 
 
Figure 1– Sample calculated viewshed for viewpoint A 
Calculation and mapping of the visual openness process includes a combination of several methods and 
five steps to be followed. During these steps, different layers of data will be produced by using or manipulating 
of different types of data. Spatial analysis in GIS is the major method in this process implemented in ArcGIS 
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10.1 and is followed by site analysis to verify the results. This process can be applied to any selected area in 
urban or rural environments in different scales and accuracy levels. In this paper, mapping procedure is applied 
to a selected site in Gold Coast to test the procedure and outputs. Figure 2 illustrates the five steps of mapping 
process to calculate visual openness .Theses steps are further explained in detail in the following sections.  
 
Figure 2-Mapping process 
 
Observer layer  
The first step in the process is to identify public places where most people observe their urban 
environment. Public spaces including roads, parks, shopping centres, lookouts and etc. are shared viewing 
locations where an urban environment will be perceived by its residents.  According to Cullen’s (1961) 
dynamic perception concept, a sampling criterion is required to replicate dynamic observations of 
observer along a road. However, observation from a scenic lookout is more static than dynamic.  
Based on the type of viewing location, two sampling criteria were developed to model the viewpoints as a 
separate dataset. Based on this sampling criterion and using aerial photography and site visits, multiple 
viewpoints were located along roads networks with equal intervals while only a single or few viewpoints 
were considered for public viewing locations including parks, shopping centres or lookouts. This dataset 
can include hundreds or thousands of viewpoints depending on the scale of study area. In order to 
increase accuracy, viewpoints should cover the all study area evenly. 
Create Digital Surface Model (DSM) for study area 
After developing the observer layer (above), a virtual model of the whole city including natural elements 
(ocean) was created as a basis to calculate visual openness for a selected study area. 3D modelling of 
urban areas is an approximation process due to the structural complexity, diversity, and high degree of 
detail (Stal et al., 2012). Development of techniques and tools to create a 3D city started two decades ago 
(Haala and Kada, 2010). The most important step in the process in this method compared to previous 
methods, was to develop an even more accurate model of the city that included landform, built forms and 
vegetation. Technologies in remote sensing technology makes it possible to produce very accurate models 
of urban environments including vegetation, built forms, terrain and other elements that limits our 
visibility. Light Detection and Ranging (LiDAR) is the latest technology to capture the surface of the 
Earth. This technique is based on measurement of distances by illuminating a target with a laser and 
analysing the reflected light. Therefore LiDAR includes millions of points which create a point cloud. 
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The point cloud can be used to create a high resolution DSM of an urban area using surface modelling 
algorithms in GIS programs. 
Viewshed Modelling and Geoprocessing  
Next step of the process was to compute viewsheds from selected viewpoints in step 1 on DSM created in 
the previous step. Viewshed modelling is a process to calculate visible area from a selected viewpoint. 
This calculation covered a 360 degrees area around a viewpoint. Depending on the selected GIS software, 
this process has several parameters to be considered in modelling including viewpoint height and 
visibility radius. In this modelling, the viewpoint height should be setup to 1.5 m above ground level as an 
average height of viewers along streets and public spaces. Viewsheds should be modelled for all 
viewpoints within study area and the two dimensional area of visible area should be measured for each 
viewpoint. It is also possible to measure visibility of natural landscape elements such as water and 
vegetation. This process needs to be automated for large study areas including thousands of viewpoints.  
Three variables of visible of space measured from a modelled Viewshed, relevant to visual openness 
concept, are the area of visible surface (square meter(s)), the maximum sightline distance and the average 
sightline distance. In this paper area of visible surface only is calculated. The  same method can then be 
expanded to calculate the other two variables. 
Statistical Analysis and Classification 
In order to identify different levels of visual openness throughout the study area, calculated visual areas 
are analysed by different methods. In this paper, calculated values are classified and described in 3D 
models based on their spatial location. In addition, natural neighbour interpolation technique is used to 
create surface models and classify different levels of visibility and visual openness.  
The natural neighbour interpolation technique is one of the methods that create a continuous surface 
model of values. It is based on the polygon network of the scatter point set which can be constructed from 
the triangulation of a point set (Li et al., 2011). The created surface of visible area can be classified into 
limited groups to identify different classes of visibility from largest area to lowest area. The maximum 
areas represent areas which have the maximum visual openness. The minimum visible areas have the 
lowest Visual Openness or maximum enclosure. As the final result of the mapping process, a single map 
is produced which shows locations with the maximum levels of visual openness and visibility levels. This 
map will be verified in the next step to be used in decision making and planning. 
Ground truthing and verification 
In the final step of process, random locations in identified areas with maximum and minimum visual 
openness were checked on site to verify mapping results. Photographs and checking viewshed boundaries 
from selected viewpoints helped to verify the the DSM model and calculated viewsheds. The next section, 
presents a pilot study which explains the mapping process and results for a selected urban area.  
A Changing Urban Landscape in the Gold Coast 
The Gold Coast in South East Queensland is a highly distinctive combination of geography and linear 
urban settlements. It is a continuous strip development along the coastline and has a close relationship 
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with the ocean and ‘green’ hinterland to the west. Gold Coast City is a contemporary city with high-rise 
architectural forms and known internationally as a tourist resort and surfing destination. It has been 
rapidly changing since 1990 with new residential subdivisions, commercial and tourist development 
resulting in dramatic landscape transformation.  
 
 
Figure 3 - Study Site Location in Gold Coast Region, Australia 
Measuring visual openness procedure was applied to an area 24 km² located in the south of the Gold 
Coast, Currumbin Valley, Australia (See Figure 3). The Currumbin Valley features are ocean and a major 
watercourse and distinctive narrow estuary (Currumbin Creek) within an open valley, framed by forested 
ridgelines some of which have elevated housing. Views to the forested ridgelines and to the ocean and 
estuary contribute strongly to sense of place and visual character. There is also a wide range of views 
from public space to landscape. The area is a mix of different land uses including low rise residential, 
medium density housing, parks, industrial, schools and shopping centres (See Figure 4).  
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Figure 4 - Study Area Context 
Due to strong association of urban context to surrounding landscape setting and landscape elements 
(vegetation and water), Currumbin Estuary is selected as study area to apply the visual openness process. 
It is also valuable to measure the visibility of vegetation and water as a measure of relationship with 
natural landscapes.  
 
Observer Locations and Sampling Strategy 
Two sampling strategies for dynamic and static viewing locations, were used to map viewpoint locations. 
For dynamic viewing locations, viewpoints were located with 50m intervals along public roads. For static 
viewing locations other public spaces such as shopping centres schools, playgrounds and parks were 
included in sampling process. Multiple viewpoints were added in public spaces manually. Equally spread 
points throughout the study area with viewpoints results in smoother interpolation in the next step. 
Approximate 4000 viewpoints were mapped based on this sampling strategy (See Figure 5).  
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Figure 5 - Observer Layer (viewpoints located in public spaces) 
Step 2: Digital Surface Model (DSM) of Study Area  
A digital surface model (DSM) was created from high definition LiDAR (15cmx15cm) in ArcGIS as a 
base for viewshed analysis. A high resolution DSM result in a highly accurate outcome in mapping visual 
openness. In creating DSM, a point cloud was created from point dataset. The point cloud includes all 
points in their exact X, Y and Z location which create a 3D surface. Once the point cloud is created, it was 
converted to triangular irregular network (TIN) or a grid to be used as a base for viewshed calculations 
from all viewpoints.   
The modelled DSM includes all LiDAR point layers including builtforms and vegetation which more 
closely resemble a realistic environment. Using LiDAR to create 3D city models is the most efficient way 
to create a complex model of existing urban environments. However due to resource limitations, DSM 
model was limited to study site area and a simple terrain model was considered beyond study area. 
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Step 3: Calculate Viewsheds and Geoprocessing 
In order to calculate area of visible surface (Viewshed) for large number of viewpoints, an automated 
mapping procedure was developed to automate a single process for all viewpoints. Geoprocessing in 
ArcGIS allows automating the GIS tasks as workflows. The model builder in ArcGIS is an effective way 
to automate GIS processes by linking data input, ArcGIS tools, functions and data output. Model builder 
provides a graphical flow diagram which includes inputs, outputs, functions and interrelations. This 
Diagram can be understood by any non-GIS expert(Guney et al., 2012).  Figure 6 displays the workflow 
of calculating visible area from each viewpoint which was tailored in this study. With minor amendments 
to this workflow, two other workflows were developed to calculate area of visible green (vegetation) and 
area of visible blue (water) for each viewpoint. Therefore three variables in total were calculated for all 
viewpoints identified in the study area. 
 
Figure 6 - Geoprocessing workflow developed in Model Builder ArcGIS 10.1 
Step 4: Calculate and map selected variables and result 
After calculating the area of visible surface, visible blue (water) and visible green (vegetation) for all 
viewpoints, these values (square meters) were described similarly in Figures 8-10. These figures illustrate 
the calculated quantities for each viewpoint in relation to landforms which were described in 3D 
perspectives and 2D elevations. These illustrations are an effective way to compare values in different 
categories and locations. The view direction can be easily modified in Arc Scene 10.1 to understand the 
distribution of values across study area. 
Figure 9 shows the calculated visual openness values for all viewpoints (as illustrated in Figure 6 above). 
Modelling proved that elevated areas provide higher visual openness as compared to low lying areas. In 
addition visual openness increases toward coastline.  Figure 10 displays the calculated visibility to water 
(estuary and ocean) across study area which shows that viewpoints with high visibility are scattered in 
study area. It also indicates that study area is highly associated with water. Figure 11 shows the visibility 
from viewpoints to bush lands and backdrop forested mountains. Similarly to visual openness (Figure 9), 
views to back drop bush lands were more available from elevated areas. However study area shows lower 
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visual relationship to greenery as compared to water and views to waterways and ocean are more 
available across study area. 
 
Figure 7 - Modelled Visual Openness for study area  
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Figure 9 - Visibility to vegetation  
In order to identify areas with maximum visual openness and visibility to landscape elements (vegetation 
and water), calculated values were interpolated based on natural neighbourhood modelling. Three 
surfaces were created for each variable based on numeric values. These surfaces were classified into three 
classes which shows values from maximum to minimum values. Figure 10, shows classified surface 
created visual openness. As final result of mapping process to identify areas with maximum visual 
openness and visibility to water and vegetation, areas with maximum values were selected and 
intersected. Figure 11 shows mapped areas with maximum values which is verified in the final step. 
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Figure 10 - Classified Visual Openness Surface 
 
Figure 11 - Identified areas with maximum visual openness and visibility to water and vegetation 
Step 5: Site visit and mapping Verification  
Areas and viewpoints identified in Figure 11 were inspected on site and photographed. In addition, 
modelled viewsheds from these locations were checked on site to check accuracy of mapping compared 
to real environment. Modelled viewsheds presented a high level of accuracy as compared with the exiting 
environment which confirmed the high level of precession in mapping process.  
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Results and Discussion  
Meaning of findings by themselves and in relation to other studies 
The proposed procedure to calculate visual openness provides an accurate and transparent 
method to quantify and map visual openness in complex composition of urban environment. The 
proposed process for calculating and mapping visual openness provides planners and policy 
makers with accurate and reliable materials to control and protect visual attributes (openness and 
visibility to natural landscapes) in urban environments while preparing development strategies.  
LiDAR provided a high level of realism and precision for modelling the complex context of 
urban environments including vegetation, builtforms and other visual barriers. Modelling based 
on LiDAR and point clouds much more accurate, cost and time efficient than other methods. The 
modelled Viewsheds based on this model presented a high level of precession as compared to 
real environment. In addition during the mapping process, presentation of values as bars in 
relation to landscape provided a useful and clear 3D material to understand distribution of values 
across the study are. Identified areas with maximum visual openness and visibility to water and 
vegetation, also provided a clear and useful results for landscape planners and policy makers to 
control and protect these visual attributes.    
Although GIS provides powerful analytic tools to better understanding of physical visibility 
attributes in landscapes and urban environments, but does not help to identify what will be seen 
and remembered (Ervin and Steinitz, 2003). Human perception is a combination of optical 
physics, atmospheric effect and other psychological and cultural factors(Ervin and Steinitz, 
2003). In addition because of uncertainty in the source of data, atmospheric factors in landscape 
perception and distance, visibility should be described as a probabilistic outcome rather than a 
binary one which results in probable and fuzzy viewsheds.  
The presented mapping procedure is a generic procedure which can be applied to other types of 
landscape depending on availability of GIS datasets and LiDAR. Transparent mapping process 
makes it easier to replicate same methods in different environment.  The mapping process 
provided planners and decision makers with a final output which identifies locations with 
maximum visual openness and visibility to natural landscapes. Views from these locations 
represent the best available views from complex urban setting to natural landscapes. Views from 
these locations worth high degree of protections in planning schemes. This mapping process is 
also useful in managing views in growing cities which their visual attributes are under 
development pressures and change. However, considering other important parameters in 
visibility to include probabilistic measurements are potential aspect to elaborate this process. 
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Conclusion and outlook 
Identifying high level of openness and closure can help planning authorities to control these attributes in 
urban environments and landscapes by managed future developments. It is also more valued in higher 
density urban areas which may influence their economic attractiveness (Shach-Pinsly et al., 2011). 
Identification of areas with high visual openness and enclosure is also useful for crime and surveillance 
assessments in urban environments. 
The mapping process presented in this research provided a higher level of realism. Using LiDAR for 
calculating viewsheds in urban areas and measuring visible surface are the main differences of this study 
as compared to similar studies in this field. In addition measuring visual openness for high number of 
viewpoints within an urban environment is a new approach to measure visual openness in urban 
environment. Spatial data value interpolations and generalisation into limited classes are similar approach 
in other landscape assessment approaches which are integrated in this study.  
This mapping procedure can be expanded to include larger urban footprint and rural areas to produce 
mapping in regional scales which could be useful for landscape assessment and regional planning. Other 
variables such as maximum sightline distance and average sightline distance from viewpoints can be 
calculated and mapped for more comprehensive assessment. In addition DSM model can be expanded to 
cover all region to increase accuracy. 
Future areas for investigation are calculating visual openness in finer scales of urban environments and 
calculating height and distance ratios plus measuring visible sky for multiple viewpoints in street level.  
ArcGIS 3D Analyst extension provides multiple assessment tools to compute different variables for visual 
environments. There is also opportunity to integrate these spatial analysis assessments with aesthetic 
visual attributes such as complexity, coherence and integrity to promote visual analysis approaches to 
measure different aspects of visual space. 
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